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We examine the formation of intrinsic interface states bound to the plane of In-Sb chemical bonds
at InAs/AlSb interfaces. Careful parameterization of the bulk materials in the frame of the extended
basis spds∗ tight-binding model and recent progress in predictions of band offsets severely limit the
span of tight-binding parameters describing this system. We find that a heavy-hole like interface
state bound to the plane of In-Sb bonds exists for a large range of values of the InSb/InAs band
offset.
I. INTRODUCTION
Ever since the seminal papers of I.Tamm1, the pos-
sible existence of intrinsic surface or interface states in
semiconductors has been a hotly debated issue, but the
emerging topic of topological insulators has recently re-
newed the interest in this field2, in connection with
predicted “quantum immunity” of edge-state currents
against scattering. In the early 80’s, a first type of
interface state was predicted to occur in HgTe/CdTe
heterostructures3–5, due to the boundary conditions be-
tween the inverted band structure of HgTe and the nor-
mal band structure of CdTe.
In that case, existence of interface states is primar-
ily due to anomalous properties of one of the bulk con-
stituents. Much more recently, the attention was drawn
to the original situation of interfaces between materi-
als sharing no common atom (NCA), like InAs/GaSb,
InAs/AlSb, BeTe/ZnSe or (InGa)As-InP. In these mate-
rials, interfaces involve chemical bonds that do not ex-
ist in the host materials, for instance In-Sb or Ga-As in
the first example. Such interface bonds can in princi-
ple act as a local potential well that may capture the
carriers. This second type of interface state, if it ex-
ists, relies mainly on local interface properties and proper
modeling requires detailed atomic-scale information that
is normally missed by the standard envelope-function
approximation6,7. The existence of interface states in
the InAs/AlSb system was first suggested heuristically
by Kroemer et al. in 19928 as a possible explanation
for the heavy n-type doping observed in nominally un-
doped superlattices, but it was soon argued that pos-
sible values of band offsets would not allow for an in-
terface state resonant with conduction band9. Later,
this question was revisited using ab initio methods by
Shaw et al.10,11, who concluded to localization of the
hole ground state near the plane of In-Sb bonds. How-
ever, in the bare DFT without spin-orbit interaction used
in these calculations, InAs and InSb are metals rather
than semiconductors12, and this makes comparison to
experimental results difficult. InAs/AlSb has a type II
band line-up with ground electrons (holes) in the InAs
(AlSb) layers, and reported values of valence band off-
set in the 100-200 meV range13,14. In recent years, the
InAs/AlSb system has proved its technological impor-
tance with the emergence of high performance optoelec-
tronic devices based on intersubband transitions, such as
quantum cascade lasers15 in the mid-infrared. A need
to better analyze and control interface composition was
evidenced16, as large strain can accumulate and lead to
plastic relaxation when preferential formation of Al-As
interface bonds prevails. Besides recent progress in elec-
tron microscopy that allow for chemical and strain anal-
ysis with sub-nanometer resolution16,17, it has become
possible to observe directly the wavefunctions of quan-
tum states using STM18. Thus, advances in fine material
characterization offer a unique opportunity to get con-
clusive experimental proofs on the existence of intrinsic
interface states. On the modeling side, progress in com-
puting would now allow for ab-initio studies combining
full atomic relaxation and realistic electronic structure
of narrow gap semiconductors, but there is also room for
computationally easier, yet predictive calculations based
on empirical-parameter atomistic theories such as ad-
vanced empirical tight-binding (ETB)19 or atomistic em-
pirical pseudo-potentials (AEPP)20,21 schemes. A sp3
ETB model with first and second neighbor interactions
was first used by Theodorou et al.22. Late, modeling of
InAs/AlSb and ZnSe/BeTe within the sp3s* tight bind-
ing model was discussed by Nestoklon et al.23. In this
early work, besides the intrinsic limitation of the sp3s*
model for precision modeling, effects of large strain of in-
terface bonds were not discussed, and simply ”renormal-
ized” in the interfacial s-p two-center integrals considered
as adjustable parameters. Proper consideration and full
modeling of elastic relaxation actually reduces the num-
ber of adjustable parameters to few band offset param-
eters. The purpose of this paper is to re-examine the
particular case of InAs-AlSb quantum wells using an ad-
vanced tight-binding scheme, integrating recent method-
ological progress in the treatment of strain, and delin-
eate the range of parameters for which intrinsic interface
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2FIG. 1. sketch of the arrangement of chemical bonds at a
C1A1/C2A2 interface grown along the [001] direction. C and
A stand for Cation and Anion species, respectively.
states would exist in this system.
In the case of standard [001] growth axis, the mere
presence of an interface between materials C1A1 and
C2A2 (where A and C stand for anion and cation species)
breaks not only the translational invariance but also a ro-
tational degree of freedom, as the four-fold roto-inversion
(or S4) symmetry of the Td point group is no longer al-
lowed. The atomic arrangement in the interface cell is
shown in Fig. 1 and illustrates that at the interface the
C1A1 bonds lie in the (1¯10) plane while the A1C2 bonds
lie in the (110) plane.
The corresponding point group symmetry is C2v. For
a symmetric quantum well with equivalent interfaces, a
S4 symmetry operation centered on an atom in the cen-
tral layer exists and transforms one interface into the
other, upgrading overall symmetry to D2d. Although
these features were clearly stated in early publications
on tight-binding calculations24–27, it is only in the mid
90s that the resulting consequences in terms of polar-
ization anisotropy of the optical properties were clearly
observed and understood. In particular, methods for
curing the native over-symmetry of classical envelope-
function approach (EFA) have been proposed, following
more or less explicitly the theory of invariants23,28–30.
These methods introduce at least one new interface pa-
rameter whose value is in general not provided within the
same theory and must be fixed by comparison with ex-
periment or more elaborate calculations, therefore their
predictability is limited. From this point of view, NCA
interfaces are particularly problematic, because specific
interface bonds exist in a single direction, either (110)
or (1¯10), and generally undergo considerable strain. For
instance, in a InAs/AlSb quantum well, the host mate-
rials are nearly lattice matched, but nominal interfaces
respectively involve In-Sb bonds that are 6.3% too long,
and Al-As bonds that are 7.3% too short. Hence, one
has to cope with very large, sharply localized strain, the
modeling of which requires special attention. Finally, it
is worth mentioning that desired or undesired atom ex-
change during growth can affect the composition of the
interfacial layer, so that NCA QWs can exist with either
nominal C2v symmetry, or with same bonding at both
interfaces and D2d symmetry, or in many intermediate,
non-ideal configurations.
II. MODEL
Since atomic positions are an input of empirical tight-
binding (ETB) models, the first problem to be solved
is the relaxation of atomic positions under the effect
of local interface strain. A zeroth order approach con-
sists in extrapolating classical elasticity down to the sin-
gle layer of chemical bonds, or molecular layer. Obvi-
ously, in order to go beyond this crude approximation,
one must use atomistic elasticity such as the Valence
Force Field (VFF) model31,32. For sake of simplicity,
we shall consider that the heterostructure is strained as
a whole to maintain epitaxial relation to a GaSb sub-
strate, but adaptation to the case of a “ free-standing”
superlattice is straightforward. In the classical elas-
ticity limit the distance between atomic planes i and
i + 1 is given, for each molecular layer, by di,i+1 =
d0i,i+1(1 + 2c12/c11(ai,i+1 − as)/as) where ai,i+1 is the
lattice parameter of the pseudo-binary compound cor-
responding to atomic planes i and i + 1 and as is the
substrate parameter. c12 and c11 are the corresponding
elastic constants. This result is obviously incorrect for an
interface sequence like Sb=In-As since the In atom would
have two highly strained “backward” bonds Sb=In, and
two essentially unstrained “forward” bonds In-As.
Next we need to include equilibrium atomic positions
and related strain effect in the extended-basis spds∗
tight-binding formalism19. For bulk materials, it is
widely accepted33,34 that, in addition to changes in phase
factors and power-law scaling of two center transfer inte-
grals with interatomic distances, one should consider that
the on-site orbitals (in particular, the quasi-free electron
orbitals d and s∗) feel the “geometry” of the deformed
crystal, and their energies must therefore be shifted and
possibly split according to the symmetry of the deforma-
tion. It was proved that this approach leads to satisfac-
tory fit of bulk deformation potentials. Here we use a gen-
eralization of this scheme to the situation of an atom sur-
rounded by arbitrarily chosen partners. Say we consider a
cation C surrounded with 4 different anions Ai, i = 1−4,
located at arbitrary positions, and need to define a lo-
cal strain acting on the cation. Nominal Anion positions
{r0i}i=1··4 are first defined, using bond lengths corre-
sponding to CAi bulk lattice parameter and [111] bond
orientations. After relaxation, this nominal, unstrained
tetrahedron transforms to the actual one with atoms at
positions {ri}i=1··4. The shapes of these tetrahedrons
can be characterized using three arbitrarily chosen vec-
tors {Rj}j=1··3. We choose them as: R1 = r2 − r1,
R2 = r4 − r3, and R3 = 1/2(r4 + r3 − r2 − r1). It is
then easy to find the matrix T connecting the nominal
and strained sets: TR0j = Rj . The local strain tensor 
acting on on-site orbitals is defined by the polar decom-
position T = (1 + )R, where R is the orthogonal ma-
3trix which rotates “nominal” tetrahedron to the strained
one. One may notice that  does not fully describe local
atomic configuration: It is uniquely defined by the rela-
tive coordinates of four anions surrounding given cation
(or vice versa) and the change of cation position does
not affect local strain tensor. To account for the cation
position we introduce additional internal strain vector u
defined as the (scaled to unstrained interatomic distance)
displacement of cation from the centre of sphere which
touches surrounding anions. Note that in a bulk ma-
terial, strain and internal displacement are proportional
and related by the Kleinman parameter ζ, which is not
the case for atomic positions in a situation of arbitrary
chemical surrounding. As done implicitly in Ref. 33, we
assume that the effect of the internal strain on tight-
binding Hamiltonian is the same as that of the strain
tensor part which transforms as a vector. In summary,
the local strain hamiltonian acting on p orbitals (px, py,
pz) and d orbitals with the symmetry Γ15 (dyz, dzx, dxy)
on-site orbitals is written as:
δHˆ =
 λ1(√3ε1 − ε2) λ2(εxy + ξuz) λ2(εzx + ξuy)λ2(εxy + ξuz) −λ1(√3ε1 + ε2) λ2(εyz + ξux)
λ2(εzx + ξuy) λ2(εyz + ξux) 2λ1ε2

where we use ε1 =
√
3(εxx − εyy), ε2 = 2εzz − εxx − εyy.
In notation of Ref. 33, for p-orbitals λ1 =
1
2Eppi001, λ2 =
8
3Eppi111 and for d-orbitals λ1 =
1
2Edδ001, λ2 =
8
3Edδ111.
The parameter ξ is equal to +1 for cations and to −1 for
anions. Note that in principle, pi and δ parameters may
have different values for anions and cations. These pre-
scriptions give the same result as in Ref. 33 for strained
bulk semiconductors.
However, an obvious difficulty with this general frame
is the large number of parameters that need to be deter-
mined: it is clear that the sole consideration of deforma-
tion potentials at the zone center (that are reasonably
well documented) does not provide enough information.
On the other hand, even the most sophisticated ab initio
schemes still encounter difficulties with conduction band
dispersions, and blind fitting may lead to unsatisfactory
parameterization. For the present purpose, one can rely
on any parameterization that gives sound values of ac,v,
b and d. Here, we reworked the strain parameters us-
ing an optimization algorithm and looking for a set of
strain parameters close to the one of Ref. 19 and that
reproduces the recommended values of deformation po-
tentials in the center of Brillouin zone given in Ref. 35.
For simplicity, since pi and δ parameters have the same
effects on deformation potentials in Γ point, δ parameters
were set to zero and thus renolmalised in pi parameters.
Strain parameters used in present calculations and re-
sulting zone-center deformation potentials are listed in
tables I and II.
TABLE I. Strain parameters used in calculations, and re-
sulting zone-center deformation potentials. Notations from
Ref. 33
AlAs InAs AlSb InSb
ns 0.6665 0.7300 1.0570 0.4390
np 0.9626 1.6282 1.8518 1.7595
nd 1.7296 1.6756 1.9764 1.8372
ns∗ 2.0000 2.0000 2.0000 2.0000
nssσ 2.1300 2.7400 2.7980 4.7900
nspσ 3.8720 2.9100 3.3320 3.8540
nsdσ 2.1740 1.4860 2.1760 1.7060
nss∗σ 0.0000 0.0000 0.0000 0.0000
ns∗s∗σ 0.0000 0.0000 0.0000 0.0000
ns∗pσ 1.9200 1.1060 1.3360 1.3540
ns∗dσ 2.0000 2.0000 2.0000 2.0000
nppσ 2.7720 2.7180 2.9080 1.8360
npppi 4.3580 4.8720 3.4060 4.3100
npdσ 2.3330 2.6650 2.6710 2.0050
npdpi 2.4729 1.3749 0.8629 2.0769
nddσ 2.6120 1.3780 1.1780 2.9980
nddpi 1.7320 2.7980 2.9540 2.9580
nddδ 2.8720 1.0000 1.6800 1.0160
pi001 0.1530 0.1610 0.2970 0.3000
pi111 0.3540 0.4910 0.6020 0.3350
δ001 0.0000 0.0000 0.0000 0.0000
δ111 0.0000 0.0000 0.0000 0.0000
TABLE II. Tight-binding deformation potentials of bulk ma-
terials. The fitted values are identical to the target values
taken from Ref 35, except that we use the sign convention for
av, such that bandgap is proportional to ac − av.
AlAs InAs AlSb InSb
ac −5.64 −5.08 −4.50 −6.94
av 2.47 1.00 1.40 0.36
b −2.30 −1.80 −1.35 −2.00
d −3.40 −3.60 −4.30 −4.70
III. RESULTS AND DISCUSSIONS
The approach outlined in previous section is similar to
that introduced by C. Pryor36 and used by R. Magri et
al. for the AEPP approach37,38, or to that used by M.
Zielinski for EPTB34. It differs however on a very impor-
tant item that is the unambiguous definition of the inter-
nal displacement vector that is mandatory for proper ac-
count of trigonal deformations33. Yet, to the best of our
knowledge, these atomistic models were not validated by
a crucial comparison with a well-established experimen-
tal result. A possible test case is an In monolayer inserted
in a GaAs matrix. The experimental gap is well docu-
mented with a low temperature value of 1.434 eV from
optical properties of samples containing a slightly sub-
monolayer amount of In giving raise to large, monolayer
thick islands39. Our calculations give a value of 1.436
eV when using a “natural valence band offset” (VBO)
of 0.23 eV, which is consistent with experimental VBO
value for In0.15Ga0.85As/GaAs superlattices
40. Note that
4TABLE III. Interplane distances in the vicinity of interfaces.
VFF calculations are made for a several period 8/8 InAs/AlSb
superlattice grown on a GaSb substrate.
h bulk h classical h VFF
Al-Sb 1,5339 1.5437 1.5436
Sb=Al 1,5339 1.5437 1.5441
Al-Sb 1,5339 1.5437 1.5367
Sb=In 1,6198 1.7234 1.7323
In-As 1,5146 1.5041 1.4962
As=In 1,5146 1.5041 1.5046
In-As 1,5146 1.5041 1.5041
In-As 1,5146 1.5041 1.5041
As=In 1,5146 1.5041 1.5035
In-As 1,5146 1.5041 1.5132
As=Al 1,4150 1.3219 1.2958
Al-Sb 1,5339 1.5437 1.5541
Sb=Al 1,5339 1.5437 1.5428
Al-Sb 1,5339 1.5437 1.5436
including the piezoelectric potential into the calculation
reduces the gap by 4 meV.
Next we come to InAs/AlSb superlattices. In Table III,
we compare the atomic distances in the interface regions
of a 8/8 InAs/AlSb superlattice, obtained in the “classi-
cal” and “atomistic” elasticity models. For the latter, we
use the Keating parameters of Ref. 31. It can be observed
that in the VFF calculations, interface strain perturbs
the atomic positions on typically one monolayer (3A˚) on
both sides of the “anomalous” interface bond, with an
oscillatory behavior before the interplane distances sta-
bilize to the classical elasticity value. Somewhat counter-
intuitively, the deformation of anomalous interface bonds
along the growth axis is larger (typically 10%) in the VFF
calculation, compared to classical elasticity.
In table IV, we show the local strain tensor associ-
ated with the different atomic sites in a 8/8 InAs/AlSb
superlattice, using the VFF atomic positions. A remark-
able, perhaps counterintuitive feature is the existence of
a trigonal (shear) component xy for atoms that have an
asymmetrical chemical surrounding.
The bulk material parameters used in this work are
listed in Table V. The calculation also requires band
offset values. For the well-documented offsets for the
nearly unstrained heteropairs InAs/GaSb, InAs/AlSb
and GaSb/AlSb we take respectively 570, 200 and 350
meV. Experimental values agree with ab initio calcula-
tions. Unfortunately, the situation for InSb/InAs is not
as clear, with no direct experimental result and a strong
dispersion of theoretical predictions from 400 meV41 to
700 meV42.
The molecular layer of InSb certainly act as a “poten-
tial well” in the valence band, but uncertainty in VBO
implies that the depth of this trap is unknown, and we
shall consider it as the only free parameter in the calcu-
lations. Conversely, the AlAs bonds act as a “potential
barrier” whose height is also not so well documented, but
the impact of this uncertainty on our results is actually
TABLE IV. local strain tensor acting on atomic orbitals on-
site energies for a 8/8 InAs/AlSb superlattice grown lattice-
matched to a GaSb substrate.
xx(%) yy(%) zz(%) yz(%) zx(%) xy(%) uz(%)
In -2.647 -2.647 3.005 0. 0. 3.272 4.349
As 0.626 0.626 -0.930 0. 0. 0. -0.160
In 0.626 0.626 -0.669 0. 0. 0. 0.010
As 0.626 0.626 -0.686 0. 0. 0. -0.001
In 0.626 0.626 -0.685 0. 0. 0. 0.
As 0.626 0.626 -0.685 0. 0. 0. 0.
In 0.626 0.626 -0.685 0. 0. 0. 0.
As 0.626 0.626 -0.685 0. 0. 0. 0.
In 0.626 0.626 -0.685 0. 0. 0. 0.
As 0.626 0.626 -0.685 0. 0. 0. 0.
In 0.626 0.626 -0.685 0. 0. 0. 0.
As 0.626 0.626 -0.685 0. 0. 0. 0.
In 0.626 0.626 -0.684 0. 0. 0. -0.001
As 0.626 0.626 -0.703 0. 0. 0. 0.012
In 0.626 0.626 -0.403 0. 0. 0. -0.189
As 4.163 4.163 -4.112 0. 0. -3.538 4.399
Al 3.528 3.528 -3.358 0. 0. -4.173 -5.170
Sb -0.645 -0.645 0.950 0. 0. 0. 0.216
Al -0.645 -0.645 0.611 0. 0. 0. -0.016
Sb -0.645 -0.645 0.636 0. 0. 0. 0.001
Al -0.645 -0.645 0.635 0. 0. 0. 0.
Sb -0.645 -0.645 0.635 0. 0. 0. 0.
Al -0.645 -0.645 0.635 0. 0. 0. 0.
Sb -0.645 -0.645 0.635 0. 0. 0. 0.
Al -0.645 -0.645 0.635 0. 0. 0. 0.
Sb -0.645 -0.645 0.635 0. 0. 0. 0.
Al -0.645 -0.645 0.635 0. 0. 0. 0.
Sb -0.645 -0.645 0.635 0. 0. 0. 0.
Al -0.645 -0.645 0.634 0. 0. 0. 0.001
Sb -0.645 -0.645 0.650 0. 0. 0. -0.010
Al -0.645 -0.645 0.427 0. 0. 0. 0.139
Sb -3.282 -3.282 3.657 0. 0. 2.637 -3.580
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FIG. 2. Heavy-hole ground state energy for a 20/40
InAs/AlSb superlattice for C2v, D2d, 2AlAs and D2d, 2 InSb
interface configurations. The origin of energies is the un-
strained InAs valence band maximum (VBM). The AlSb
heavy-hole VBM is shown as the horizontal line at 208.7 meV.
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FIG. 3. a)Heavy hole ground state wave function for a 20/40
InAs/AlSb SL, for two values of the InSb band offset, 700 and
400 meV. A solid line is drawn to connect tight binding on-
site amplitudes for clarity. In all these materials, valence band
eigenstates have a strongly dominant Anion character; b, c)
Same for the D2d, 2 AlAs and D2d, 2 InSb configurations.
negligible. When epitaxial strain is taken into account,
the AlSb heavy-hole band extremum lies at 208.7 meV
above the arbitrary reference level of unstrained InAs
VBM. The heavy hole confinement in a regular 12.2 nm-
thick (40 monolayers) QW is 6.4 meV. Hence, one rea-
sonably expects a hole ground state at 202.3 meV. Fig. 2
shows the evolution of actual hole ground state energy
in a 20/40 InAs/AlSb superlattice as a function of InSb
band offset, for the 3 ideal situations: “C2v” (AlAs and
InSb interfaces), “D2d” (2 AlAs) and “D2d” (2 InSb).
In C2v case for InAs/InSb VBO larger than 600 meV,
the ground state is above the AlSb VBM, hence it is
clearly trapped by the InSb bond. For smaller offsets,
the ground state lies between the AlSb VBM and 204
meV: the situation is better described as a regular quan-
tum well with an attractive perturbation at one inter-
face, that decreases the confinement energy and polar-
izes the wavefunction. As shown in Fig. 3a, in all cases
the wavefunction is strongly asymmetrical with respect
to the center of AlSb layer: As long as AlSb thickness
remains finite, it is difficult to define a rigorous criterium
for existence of an interface state. By exploring numeri-
cally larger layer thicknesses, we find that 500 meV is a
practical threshold offset value for the existence of an in-
terface state at a InSb interface between InAs and AlSb.
The D2d case with two AlAs interfaces (see Figs. 2,
3b) corresponds to the regular quantum well case. The
D2d 2 InSb configuration is more interesting, because in-
terface states may exist at both interfaces, and combine
into symmetric (bonding) or antisymmetric (antibond-
ing) states, with a splitting depending strongly on AlSb
layer thickness. Due to this interaction, the ground state
energy remains nearly constant when decreasing the AlSb
thickness. This result is illustrated in Fig. 4. A similar
trend is also valid for interface state coupling through
the InAs layer, but to a much smaller extent due to the
TABLE V. Tight-binding parameters used in calculations.
InAs InSb AlAs AlSb
a 6.0580 6.4794 5.6600 6.1355
Eas −6.4738 −6.1516 −5.9874 −6.0025
Eas∗ 16.8502 14.7582 19.5074 16.4623
Ecs −0.1418 −0.3634 0.9483 0.6705
Ecs∗ 16.8393 14.8015 19.5038 16.4797
Eap 2.4784 2.1150 3.4914 2.5476
Ead 11.3833 9.8811 13.0560 11.1777
Ecp 5.2829 5.5198 6.3335 5.8536
Ecd 11.3991 9.9511 13.0592 11.1500
ssσ −1.5096 −1.2228 −1.8436 −1.4804
sas
∗
cσ −2.0155 −1.6619 −1.7884 −2.9492
s∗ascσ −1.1496 −1.3929 −1.3059 −1.4096
s∗s∗σ −3.3608 −2.8985 −3.6128 −1.2369
sapcσ 2.2807 2.2046 2.5778 2.2550
scpaσ 2.6040 2.3639 2.7962 2.5961
s∗apcσ 1.9930 1.6962 2.1581 2.1314
s∗cpaσ 2.0708 1.9879 2.2397 1.9456
sadcσ −2.8945 −2.3737 −2.5623 −2.5320
scdaσ −2.3175 −2.1766 −2.3841 −2.0483
s∗adcσ −0.6393 −0.5548 −0.8045 −0.5304
s∗cdaσ −0.5949 −0.4875 −0.7491 −0.5989
ppσ 3.6327 3.4603 4.1970 3.7007
pppi −0.9522 −1.1630 −1.3145 −1.2989
padcσ −1.1156 −1.3928 −1.6473 −1.3211
pcdaσ −1.3426 −1.4145 −1.7603 −1.7320
padcpi 1.2101 1.1921 1.7646 1.6944
pcdapi 1.5282 1.7536 2.1099 1.7783
ddσ −0.8381 −0.6688 −1.2241 −0.9481
ddpi 1.9105 1.4601 2.1770 1.8128
ddδ −1.3348 −1.4373 −1.7585 −1.6148
∆a/3 0.1558 0.3810 0.1721 0.3454
∆c/3 0.1143 0.1275 0.0072 0.0121
fast decay of interface state into InAs. Note however
that his remark holds only in as much as the unavoid-
able difference between the two interface state energies
is smaller than their mutual coupling. Results displayed
in Fig. 3 are qualitatively similar to those obtained from
LDA calculations by Shaw et al.10, but the decay of in-
terface state in AlSb is much slower in our calculations.
It is noteworthy that calculations of Ref. 10 do not in-
clude spin-orbit interaction and therefore, the effective
valence band quantum wells differ. Finally, it is interest-
ing to examine the effect of a change in InAs/AlSb VBO,
within the experimental uncertainty range 150± 50meV:
the smaller this offset is, the easier it is for the interface
trap to capture the valence ground state. For vanish-
ing InAs/AlSb VBO, any value of InSb VBO would lead
to an interface state, whose decay in both layers would
become almost symmetrical. In Fig 5, we show the de-
pendencies on InSb/InAs offset for a InAs/AlSb offset of
100 meV. It is seen that in this case, the interface state
exists as soon as the InSb/InAs offset exceeds 314 meV.
So far, we have discussed interface potential in terms
of a “diagonal” or scalar contribution. However, as men-
tioned in the introduction, interface also break a ro-
tational invariance and corresponding Hamiltonian ad-
68 12 16 20 24 28 32 36 40
AlSb layer thikness
180
190
200
210
220
230
240
250
H
ea
vy
-h
ol
e 
en
er
gy
 (m
eV
)
0.3eV
0.4eV
0.5eV
0.6eV
0.7eV
0.8eV
InSb valence band offset:
FIG. 4. Dependence of heavy-hole ground state energy on
AlSb layer thickness for the D2d, 2 InSb configuration.
0.2 0.3 0.4 0.5 0.6 0.7 0.8
InSb valence band offset (eV)
100
120
140
160
H
ea
vy
-h
ol
e 
V
BM
 (m
eV
)
C2v
D2d (2AlAs)
D2d (2InSb)
AlSb heavy-hole VBM
(InAs)20(AlSb)40
FIG. 5. Analogous to Fig 2 with InAs/AlSb VBO = 100 meV.
mixes heavy and light holes, which results in the lin-
ear polarization of optical spectra when system has C2v
symmetry22,28,30. Here, valence states are confined in
the AlSb layer, and ground state peaks close to the InSb
bonds. They undergo the strong spin-orbit coupling of
Sb. Since spin-orbit interaction tends to force total angu-
lar momentum eigenstates, weak polarization anisotropy
is expected. This anisotropy is confirmed by the calcula-
tions: For the 20/40 InAs/AlSb superlattice, we obtain
a degree of linear polarization of the ground optical tran-
sition (with principal axis along the [1,1,0] and [-1,1,0]
directions) equal to 6%.
IV. CONCLUSION
We have used extended-basis tight-binding to model
the no-common atom system of InAs/AlSb with the high-
est possible accuracy. We find that for a large range of
the natural band offset of InSb, there exists an intrin-
sic interface state “trapped” by the plane of interfacial
InSb bonds. The existence of such a state is important
for valence band physics in this system, but also plays
an important role in the material characterization using
interband optics.
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